INTRODUCTION
============

Infection of the surgical site is a severe complication related to fracture treatment, and is associated with increases in morbidity, mortality, and costs.[@B1] The rate of infection associated with internal fracture fixation may be as high as 3.6% to 8.1% for closed fractures and 30% for open fracture.[@B2] ^,^ [@B3] This high incidence of post-operative infection in fractures contrasts with a risk of less than 2% in elective joint reconstruction surgeries.[@B3] ^-^ [@B5]

Many factors have been considered to predispose the development of post-surgical infection, and are related to the host, trauma, and treatment itself; identification of these factors is crucial in planning prevention strategies.[@B1] ^,^ [@B5] ^-^ [@B8] Surgical treatment of fractures occurs in an area which is already traumatized, where the need for early intervention often overrides the desire to wait the time necessary for complete recovery of the soft tissue and minimize comorbidities.[@B6]

The route of infection can be classified as perioperative (contamination during or immediately after the surgery), contiguous (organisms inoculated into the wound from an adjacent focus, or loss of integrity in the soft tissue), or hematogenic (infectious agent migrates from a distant focus through the bloodstream).[@B2] In terms of time of development, infections can be early or late.[@B2] ^,^ [@B9] Early infection tends to be the result of perioperative or contiguous infection, and is particularly challenging because it occurs when the fracture is not yet united.[@B2] ^,^ [@B5]

The objective of this study is to identify factors related to the patient, fracture, and treatment, which can lead to the development of early infection in patients who undergo internal fracture fixation of the long bones.

METHODS
=======

This retrospective, observational study evaluated data from patients who developed surgical site infections (SSI) after treatment for fracture between January 2014 and December 2015 at a reference hospital for orthopedic treatment. After approval by the institutional review board (CAAE: 49142815.9.0000.0052), we analyzed the medical records of the patients identified by the commission for hospital infection control as having developed post-surgical infection.

The group included patients with fractures of the long bones who were surgically treated with internal fixation and developed postoperative infections. The study excluded patients who developed infection after surgical treatment at other hospitals, treatment with external fixation (EF), treatment with arthroplasty, or patients who underwent internal fracture fixation in the hand, foot, or the flat bones such as the pelvis and acetabulum. We also excluded cases with incomplete medical record data.

Patient medical records were reviewed to identify factors that could be related to an increased risk of developing infection after surgical treatment of fractures. We analyzed demographic characteristics (age and sex), host-related factors (local and systemic comorbidities), and characteristics related to trauma (trauma mechanism, organs and systems affected, and number of fractures). The following were considered systematic comorbidities: high blood pressure, diabetes mellitus, chronic kidney disease, congestive heart failure, obesity (body mass index ≥30kg/m²), and tobacco and alcohol use. Local comorbidities were abrasions, hyperemia, wounds without signs of infection, and wounds with signs of infection. Additionally, patients were classified according to the American Society of Anesthesiology system as well as the system proposed by Cierny-Mader.[@B8] The fractures were classified according to the AO/OTA classification for fractures and dislocations[@B10] and the open fractures were classified according to the Gustilo and Anderson classification.[@B11]

The infections were classified as superficial incision (involving skin and subcutaneous tissue), deep incision (involving deep tissues), or organ/space (involving the bone); definition of these groups considered the recommendations from the United States Centers for Disease Control and Prevention.[@B12] Infection was also classified according to the time between internal fixation and early diagnosis (within the first two weeks after internal fixation) and late diagnosis (two weeks after internal fixation was performed).[@B2] ^,^ [@B9]

Of a total of 87 patients who developed post-surgical infection during the study period, 24 patients with closed or exposed fractures of the long bones who underwent internal fixation and fulfilled the inclusion criteria were selected. The demographic characteristics of these patients are presented in [Table 1](#t1){ref-type="table"}. Sixty-three patients were excluded: those with fractures of the short or flat bones, infections after surgeries performed at other hospitals, fractures treated with arthroplasty, and patients with incomplete data.

Table 1Demographic characteristics of study participants.ParameterDescriptionn/ mean%Interval (SD)Number of subjectsn24100\--Mean age (years)Age46\--15 - 85 (19.3)SexMale1562.5%\--Female937.5%\--ASAI1562.5%\--II729.2%\--III28.3%\--Host classification (Cierny)A1562.5%\--B937.3%\--C00.0%\--ComorbiditiesDiabetes312.5%\--HBP312.5%\--Obesity28.4%\--CKD14.2%\--CHF14.2%\--Other28.4%\--Tobacco useNo2083.3%\--Yes416.8%Alcohol useNo2291.7%\--Yes28.4%\--[^3]

Traffic accidents were the cause of the trauma in 58% of the patients. The left side was more affected by postoperative infection, in 13 (54%) of cases. All patients had associated fractures, with an average of 1 (1-3, SD: 0.6) fracture per patient, and no patient exhibited injuries to other organs or systems. The most frequently affected bone was the femur, with 16 (67%) fractures that progressed to infection in the post-operative period. [Table 2](#t2){ref-type="table"} presents the description of the characteristics of the trauma and the affected segment.

Table 2Trauma mechanism and injuries associated with the fracture that progressed to infection.ParameterDescriptionn/ mean%Interval (SD)SideLeft1354.1%\--Right1145.9%\--Type of traumaMotorcycle1145.8%\--Fall833.3%\--Car312.5%\--Blunt trauma14.2%\--Firearm trauma14.2%\--Fractured Segment (Class. AO)1114.2%\--1228.4%\--1314.2%\--2214.2%\--31312.5%\--321041.6%\--33312.5%\--4114.2%\--4214.2%\--4314.2%\--Fracture type (closed)Closed2083.3%\--Fracture type (closed)GI\-\-\-\-\--GII28.4%\--GIII-A18.4%\--GIII-B\-\-\-\-\--GIII-C14.2%\--Soft tissue reconstructionNo24100.0%\--Yes00.0%\--Skin injuryNo injury1562.5%\--Abrasion/hyperemia416.6%\--Wound416.6%\--Infected wound14.2%\--[^4]

The patients were admitted to the unit for treatment on average 17 days (0-67, SD: 20.9) after the trauma. The laboratory tests conducted upon admission are described in [Table 3](#t3){ref-type="table"}. Four (17%) patients received blood transfusions prior to surgery, and 15 (63%) after surgery. Sixteen 16 (67%) patients required transfusion before and after surgery, receiving an average of 2.7 units (0-14, SD: 3.5) of packed red blood cells. An average of 0.7 surgeries (0-2, SD: 0.7) were performed prior to the internal fracture fixation which progressed to infection, and the internal fixation procedure was performed an average of 27 days (0-91, SD: 22.0) after the trauma.

Table 3Laboratory parameters at hospital admission.Laboratory results at admissionn/ mean%Interval (SD)Hemoglobin (g/dL)11\--9.1 - 15.4 (1.9)Hematocrit (%)35\--24.7 - 50.2 (5.9)Leukogram (%/ml)9,865\--4,400 - 15,400 (3,213.4)Platelets (n/ml)332,000\--186,000 - 912,000 (156,813.9)Blood sugar (mg/dL)143\--94 - 263 (53.6)Urea (mg/dL)32\--10 - 89 (14.6)Creatinine (mg/dL)1\--0.4 - 4.4 (0.7)Erythrocyte sedimentation rate (mm)35\--0.6 - 52 (18.8)PCR (mg/l)36\--6 - 96 (31.5)[^5]

The data were stored in digital format and subsequently analyzed using Stata statistical software, version 13 (Corastar, St George, Utah, USA). Normality of the continuous variables was tested using the Shapiro-Wilk test and then analyzed with the t-test or Kruskal-Wallis test. The categorical variables were analyzed with the chi-square test. A significance level of α = 5% was adopted. Logistical regression with a confidence interval of 95% and analysis of variance were utilized to create graphs.

RESULTS
=======

In three cases (12.5%), the infection was classified as superficial, deep in 10 cases (41.6%), and as affecting organs/space in 11 (45.9%). Postoperative infection was diagnosed an average of 53 days (1-293; SD: 76.8) after internal fixation, and in 11 cases (46%) the infection was classified as early, and late in 13 (54%). Cultures taken from 15 (63%) patients after debridement of the infection were positive. After infection was diagnosed, an average of 2.8 surgical procedures (1-8; SD: 1.7) were performed in the affected segment. The patients received intravenous antibiotics on an inpatient basis for an average of 24 days (0-97, SD: 21.7). The characteristics of the infectious process in the cases included in this study are presented in [Table 4](#t4){ref-type="table"}.

Table 4Diagnosis and treatment of infection.CaseFractureDiag. (days)Culture after internal fixationEF (CHECK)Implant UsedSSI classificationEarly infection2432A21Not collectedNoLong cephalomedullar rodOsteomyelitis2133C32Not collectedNoInternal fixator distal fêmurOsteomyelitis1022A26Not collectedYesDCP plateDeep incision1932A37Klebsiella pneumoniaeNoLong cephalomedullar rodOsteomyelitis232B311Proteus MirabilisNoDCP plateDeep incision1232C211MRSANoIntramedullary nailOsteomyelitis2343B311MRSAYesDCP plateDeep incision632C212NegativeNoIntramedullary nailOsteomyelitis832B214NegativeYesDCP plateDeep incision2032A114Pseudomonas aeruginosaYesIntramedullary nailOsteomyelitis2211A214Pseudomonas aeruginosaNoT plateDeep incision**Late infection**1613C315Enterobacter cloacaeNoReconstruction plateDeep incision1412C317MRSANoDCP plateSuperficial incision1731A117Pseudomonas aeruginosaNoShort cephalomedullar rodOsteomyelitis433C122Staphylococcus aureusNoDCS plateDeep incision132B225Not collectedNoIntramedullary nailDeep incision332A347Not collectedNoDCP plateSuperficial incision531A248Pseudomonas aeruginosaNoDHS plateOsteomyelitis732B282NegativeNoDCP plateSuperficial incision941C1109Staphylococcus epidermitisNoDCP plateDeep incision1331A2121Pseudomonas aeruginosaNoDHS plateOsteomyelitis1542A1179Staphylococcus aureusNoDCP plateOsteomyelitis1812A1217Not collectedNoDCP plateDeep incision1133A3293Not collectedNoDCS plateOsteomyelitis[^6][^7]

Analysis of prognostic factors for the development of early infection
---------------------------------------------------------------------

The patients who developed early infections were significantly younger (early, 37.8 years old \[SD: 14.2\], versus late, 53.1 years \[SD: 20.7\], *p* = 0.05) and underwent more surgeries prior to the internal fracture fixation that progressed to infection (early: 1.2 procedures \[SD: 0.6\] versus late 0.2 \[SD: 0.4\] surgeries, *p* \< 0.00). ([Figure 1](#f1){ref-type="fig"}) The use of temporary external fixation to stabilize the fracture was associated with a significant risk of developing late infection (*p* = 0.03). There was no relationship between delaying internal fracture fixation and the start of the infectious process (*p* = 0.28). ([Figure 2](#f2){ref-type="fig"}) None of the other parameters assessed in the study demonstrated a relationship with the start of the infectious process.

Figure 1Adjusted probability of developing infection according to the number of surgeries performed before internal fixation of the fracture. Logistic regression.

Figure 2Relationship between trauma/time elapsed until internal fracture fixation and development of early and late infection. Analysis of variance.

DISCUSSION
==========

Infection associated with internal fracture fixation is typically caused by biofilm-producing bacteria.[@B4] Shortly after implantation, a layer composed mainly of adhesins forms around the biomaterial, allowing adhesion by planktonic forms of infective organisms. Through cell division, recruitment of new free forms, and secretion of bacterial products, the organisms form a colony attached to the implant and protected by biofilm.[@B2] These organisms surrounded by biofilm are metabolically less active, facilitating the development of antibiotic resistance.[@B3] ^,^ [@B4]

Treatment of infection after internal fracture fixation generally involves a combination of surgery and the use of antibiotics. Surgery includes aggressive debridement of all devitalized tissue and removal of the implants, and sometimes coverage with muscle flaps to provide improved wound vascularization.[@B8] However, in the presence of early infection the main objective becomes fracture healing.[@B2] Consequently, early infection represents a therapeutic challenge because it occurs in a non-united fracture, where the stability provided by the implant is essential. At the same time, the presence of the implant in the wound plays an important role in the persistence of the infectious process.[@B2] ^,^ [@B5]

Willenneger and Roth[@B9] presented the results from a series of 40 patients treated for infection after open reduction and internal fixation using a plate. These authors proposed grouping patients according to the time elapsed between surgery and the onset of infection symptoms as early (less than 2 weeks), delayed (between 2 and 10 weeks), and late (more than 10 weeks). However, these intervals were arbitrarily established based on the authors' clinical experience. Schmidt et al.[@B13] incorporated these parameters as part of a broad classification for osteomyelitis, but stressed that defining the start time and the time elapsed to infection based on only clinical parameters can be faulty. For these authors, histological assessment is much more precise, particularly when seeking to define whether the infection is acute or chronic (defined as those in which the infectious process leads to chronic inflammatory alterations in the tissue, especially bone necrosis).[@B13] ^-^ [@B15]

Trampuz and Zimmerli[@B2] also defined early infection as beginning up to two weeks after the surgical treatment, and believed that this type of infection denotes perioperative contamination and/or the presence of high virulence bacteria. According to McPherson et al.,[@B7] early postoperative infection should be defined as occurring up to the fourth week after surgery. Infectious processes which begin after this period comprise the late forms, and suggest contamination by low-virulence germs or occasionally hematogenous contamination.[@B2]

Bowen and Widmaier[@B6] investigated risk factors for infection after open fractures, and the only predictor for infection they found was tobacco use. Matos et al.[@B16] also looked for risk factors for acute infection in open fractures and found an association between increased time until treatment and risk of infection. Oliveira et al.[@B17] analyzed the risk of infection in 1,103 patients with closed fractures who underwent internal fixation compared with 1,887 open fractures, and found a higher incidence of infection in cases of exposed fractures. Dellinger et al.[@B18] assessed factors associated with the development of infection in open fractures and demonstrated a higher incidence of infection in leg fractures. Srour et al.[@B19] conducted a prospective study on progress in 315 patients with open fractures after surgical treatment and found that superficial infections accounted for most of the early SSI.

In the present study, the factors related to higher risk for developing early infection were the number of surgeries before the definitive procedure and patient age. One possible explanation is the fact that younger patients are more frequently involved in high-energy traumas which lead to more complex fractures with greater damage to soft tissue; these require more surgeries and consequently this group has a greater risk of infection.

This study has a number of limitations. The retrospective design and the small number of patients are factors that limit the clinical applicability of the findings. The factors related to trauma, patient, infection, and treatment varied, restricting the creation of homogeneous subgroups for statistical analysis. Consequently, infections involving the arms and legs were seen, as well as fixation involving different implants. Furthermore, the ability to establish an accurate diagnosis of infection based on clinical criteria can be considered a limiting factor.

CONCLUSION
==========

Based on the findings of this study, we recommend considering the risk factors for early postoperative infection in patients who undergo internal fracture fixation to increase the chance that early diagnosis can be made and therapeutic measures taken as soon as possible. Multi-center studies involving more patients could validate the findings of this study and identify other possible factors related to the development of early infection after surgery to treat fractures.
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